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REMARKS 

The office action of September 6, 2002, has been carefally considered and this paper is 
responsive thereto- Reconsideration and allowance of the subject application are respcdfuUy 
requested. Claims 3 and 4 have been amended. 

While the first page of the office action lists claim 5 as being non-elected, Applicants 
submit that it is presented for examination (as evidenced by the rest of the office action). 

Claims 1, 1, and 5 stand rejected. Claims 3 and 4 have been objected to as containing 
allowable subject matter. 

Applicants cancel claims 1, 2, and 5 and rewrite claims 3 and 4 in independent form with 
substantially the same recitations as previously examined. 

New claim 21 recites capacitor structures and electric fuse elements. The impurity 
diffusion layer, which gives rise to one of the electrodes of the fuse clement is formed by 
impregnating an impurity via the second gate insulating film into the semiconductor substrate. 
The dielectric breakdown resistance of the second gate insulating layer is controlled by the 
impurity passing through the second gate insulating film. These features are not found in Jpn. 
Pat. Appln. KOKAlPubhcationNo. 5-211221. 
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Applicants therefore submit this application is in condition for allowance. If the 
Examiner has any questions, the Examiner is invited to contact the undersigned to fcxther 



prosecution. 



BANNER & WITCOFF, LTD. 
1001 G Street, N.W., 11"^ Floor 
Washington, D.C. 20001 
(202) 508-9100 



Respectfully submitted, 






Joseph M. Potenza j ^.^^^p^y^^^j-^j 

Registration No. 



Dated: 



December 6, 2002 
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MARJOED-UP VERSION TO SHOW CHANGES 

IN THE SPECIFICATION: 

Please delete the paragraph on page 8 beginning on line 1 2. 

The present inx^ontion was mode in consideration of the abov e situation. Accordingly, on 
obj e ct of - th€ proGont invention is to provido on olcctric fuse whose p e rformanc fr can be controlled 
indopondcnt of an oosential circuit o lom c mt, and a method for manufacfaring tho Qomc^ 
Please amend the paragraph on page 8, beginning on line 1 8 as follows: 
Jh o n>in\rn nhjoc.t ir. nchie\- e d hy a fiomioonductor device comprisin g A semiconductor 
device according to an aspect of the present invention comprises : 

Please amend the paragraphs on page 8, beginning on line 18 as follows: 
The above object is achieved by a semiconductor d e vice compriaing: 
capacitor structures, e ach having - a firQt lower electrode, a first insulating film formed on 
the first lower electrode and a first - upp^ - oloctrode formed on the first insulating film; and 

oloctric fuGO okmci^Sj each having a s e cond low e r oloctrodo, a jocond insulating film 
formed - on tho scoond lower electrode and having - on 4 ?npurky conQcntration higher than that of 
the first insulotLRg - film, and a s e cond upper e l e ctredo formed on the second insulating filn^ th e 
e l e ctric fijs e elements haxdng subotantially Dame structure as that of tho capacitor structur e ^i - oftd 
being formod on same level as that of the capacitor structur e s, wher e in information is writtan in 
the elcotrio fiino oloment depending on whether th e s e cond in s ulating film is dicloctrioally broken 
down, and a writing x^oltago of the electric fuse clem e nt is determin e d by dielectric broalcdown 
resistance of th^^ s e eond insulating film which d e p e nds on tho impurity concentration of the 
second insulating film A semiconductor device comorismg: 
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capacitor structures, each having a First gate insulating film formed on a semiconductor 
substrate of a first condvictivitv type, and a first gate electrode fomied on the first gate insulating 
film: and 

electric fijsc elements, each having a second gate insulating film formed on the 
semiconductor substrate and having an impurity concentration higher than that of the first gate 
insulating film, and a second gate electrode formed on the second gate insulating film, whcTcin 
information is written in the electric fijse element depending on whether tlie second gate 
insulating film is dielectricallv broken down, and a writing voltage of the electric fiase element is 
determined by dielectric breakdown resistance of the second gate insulating film which depends 
on the impurity concentration of the second gate insulating film; and 

further comprising an impurity diffusion layer of a second conductivity type, which is 
formed in at least a portion of the semiconductor substrate, the impurity diffusion layer t cing 
paired with the second gate electrode and serving as one electrode of the electric fuse elemen t. 
Please delete the paragraphs on page 9, beginning on line 13: 
Th o abovo object vj obo achi e v e d by - a - sen w conductor dosioc comprising: 
capacitor structur e s;^ach haxing a first gate insulating film-formod on q semiconductor 
substrate of a first conductivSty t^ r ^o, and a first gate electrode form e d on tho first gate insulating 
film; and 

e l e ctric elements, e ach having a second gato inaulating film formed on tli e 
semiconductor substrat e and ha^ung on - i mpurity concentration high e r than that of tho first gate 
insulating film, and a second gat e e l e ctrodo formed on thc - 3coond gate insulating film, whar oin 
information is written in tho electric fus e e l e ment - d e p e nding on whether the second gat e 
insulating film is dielectrically broken down, and a writing voltage of th e e l e ctnc fuse clomcnt is 
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dotprmincd h ^j dielectric brcolcdovm rcaistanco of the occond ga t e insul aU ng film whioh dcpm < k 

on the impurity oonccntration of tho [>OQOnd gato inouloting film. 

Please amend the paragraph on page 10, beginning on line 4 as follows: 

rurthcr, the object of tho prcocnt invontion ia achicvod by a mothod for fabrioating an 

clootri^ fiir^ rnmprining the r,topo o f A meth od for fabricating an electric fase accordinQ to an 

aspect of tlie present invention comprises : 

Please delete the paragraphs on page 1 0, beginning on line 15: 

The object of the proocnt inv e ntion is aloo Qchicvod by a mothod for fabricating a 
5cmi conductor do^acc comprising the gtopo of: 

forming a gate insulating film on firot and second rogiona of a somiconductor subatrcito of 
0 - first conductivity t>T?e; 

forming a first gato oloetrod e lay e r on the gate inouloting film; and 

iftj ccting by ion injection an impurity into a portion of the gate insulating film o n the 
second region of tho oemiconduotor aubatrato, thoroby oontrolling dielectric brcalcdo^ATi 
rc^jiotancc of th o gate in3ulating film on the second region to set a vmting voltago of on elgctric 
fiaso comprising the socond region of tho o cmiconductor - f^ubDtrQtc, tlic gate inoulating film 
located on the second region and tho portion of the first gate clcctrodo layer on tho aocond 
r e gion ? 

The object of the prcoont invention is also Qchicvcd by a method for fabricating a 
g emiconductor dox - ncc comprising the steps of: 



forming a gate insulating film on first and second rcgjons of a jcmiconductor substrate of 
Q first conductixaty t^^-pe; 

forming a first gato oloctrodc layer on the gat e- msulating film; and 
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injecting an impurity into tho second region of th e semiconductor pubOTQt e in ccntac t 
with th e gat e innulating film by ion injection - through thc - fir - st gate electrod e layer ond the gate 
insulating - filnn on the second region of th e somiconduotor Qiibotratc, thereby forming an impurity 
diffuGion layer, controlling di e lcctrio breakdown rogi s tonce of tho gia^ e- inaulating film on th e 
second r e gion to s e t a -v^ inng voltage of an electric fuse composing tho second region c i f th e 
ocmioonductor substrat e , th e gat e insulating film located on the s e cond region ond tho firoi: gate 
electrod e lay e r located on tho oecond region. 

Th e object of tho present invention is aho achi e ved by q method for fabricat i ng a 
ocmiconduotor device comprising the st e ps of: 

forming a gat e insulating film on firDt and second regions of a semiconductor Gubotrato; 

fe aning a first gate electrod e lay e r on th e gate in!}ukting film; 

patterning tho firut gate - electrode layer, thereby forming gate oleotrodoci of MOS 
transistors on th e first region of the Gcmiconductor substrate, and electric fiiGOG of Q capacitor 
straoturo, each having the semiconductor substrate, the gat e insulating film and the firot gate 
e lectrode layer on th e second r e gion; and 

injecting by ion injection an impurity jfrom a dir e ction obliqu e ty v/ith roopoot to a normal 
of the s e miconductor substra t e into a portion of the semiconductor substrate expoG<?d - b y 
patt e rning th e first gat e o l o ctrodo layer and a portion of the semiconductor substrat e inmi e djat e ly 
under an e dg e portion of th e first gato<iloctrodo layer in tho socond region, tl^eroby forno ift^-aR 
impurity diffiision - loycr serving as one electrode of an electric fuse, the ion inj e ction causing -t h e 
impurity to pass through -th e gate insulating film or to bo injected into the gat e insulating film, 
thereby controlling dielectric breakdown resistance of the goto insulating film to se t a \>Titing 
voltag e of th e el e ctric fus e . 
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Additional objccto and advantages of the invention will be set forth in the deGcription 
which fel]ow9^ a nd in port will bo ob>'iou5 from th e d e scription, or may be learn e d by practic e of 
tli e inv e ntion. I he obj e cts and - advantagoo thc - invcntiefl - mQy be roalizod and obtained by 
m e ans of the instrumentalities and combinationg particularly point e d out h e r e inofl e r. 

Please delete the paragraph on page 13, beginning on line 8: 

T he accompan>ing drawiHg^ - which ore incorporated in and constitute a part oi' - the 
sp e cification, illustrat e pres e ntly e mbodim e nts ' of - th e- inv e ntion, and tog e ther with th e g e neral 
d es cription given above and the detail e d d e scription of th e e mbodim e nts given below, sen^e to 
explain tho principl e s - ef th e- invention. 

Please amend the paragraph on page 35, beginning on line 1 as follows: 
In the embodiments described above, the anti-fuse utilizes a part of the cell capacitor or 
the MOS transistor of a DRAM. However, tho gist o f the embodiment of the present invention is 
to control the dielectric breakdown resistance by introducing an impurity into the insulating film 
of the anti-fuse. Therefore, the embodiment of the present invention is not limited to the 
structures of the first to fifth embodiments. Other structures of the embodiments will be 
described below. 

Please amend the paragraph on page 16, beginning on line 22 as follows: 
Thereafter, an impurity diffusion layer of a MOS transistor and an interlayer insulating 
film covering the MOS transistor are formed by the known technique. As a result, a 
semiconductor device is completed. In the semiconductor device as shown in FIG. 3C, a fiise 
capacitor comprising the silicon substrate 30, the gate insulating film 32b doped with the 
impurity and the gate electrode 33 oonGtilatog forms an anti-fuse. 
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Please amend the paragraph on page 19, beginning on line 2 as follows: 
Thereafter, a resist 50-2 is formed on the silicon substrate 30, and then patterned to 
expose only a portion of the peripheral region by means of lithography. Then, as shown in FIG. 
4B, an n-type impurity is ion-injected. The acceleration voltage at the ion injection is adjusted so 
that the impurity ions can be implanted into the gate insulating film 32a and the silicon substrate 
30 through the tungsten film 33b and the polycrystalHne silicon film 33a. Through this step, a 
gate insulating film 32b doped with the impurity is formed in the peripheral region A4, and an n- 
type impurity diffusion layer 51 is formed in the silicon substrate 30. As described above, the 
gate electrode 33 in the peripheral region A4 is displaced fi-om the element region. Therefore, the 
impurity diffusion layer 51 formed in the silicon substrate 30 is constituted b> i ncludes two 
impurity diffusion layers 51a and 51b of different depths. In other words, due to the ions passing 
througli the gate electrode 33, the impurity diffusion layer 51b formed immediately unda the 
gate electrode 33 is shallower than the impurity diffusion layer 51a, which is not covered by the 
gate electrode 33. 

Please amend the paragraph on page 35, beginning on line 14 as follows: 
FIG. 9A shows an anti-fuse using an interlayer insulating film. As shown in FIG. 9A, a 
polycrystalline silicon film 33a and a tungsten film 33b, constitutin g serving as a gate electrode 
33, are formed on a gate insulating film 32a, which is formed on a silicon substrate 30. An 
interlayer insulating film 52 is formed on the tungsten film 33b. A metal wiring layer 54 
including a barrier metal layer 54a and a metal layer 54b is formed on the interlayer insulating 
film 52. This structure constitutes an anti-fuse m which the gate electrode 33 and the metal 
wiring layer 54 serve as capacitor electrodes and the interiayer insulating film 52 serves as a 
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capacitor insialating film. The dielectric breakdown resistance, i.e., the writing voltage, of the 
anti-fuse can be controlled by ion-injecting an impurity into the interlayer insulating fihn 52 
serving as the capacitor insulating film. 

Please amend the paragraph on page 36, beginning on line 5 as follows: 
FIG. 9B shows an anti-fijse using a gate sidewall insulating film. As shown in FIG. 9B, a 
gate electrode 33 is formed on a silicon substrate 30 with a gate insulating film 32a inter]ftosed 
tlierebetween, A gate sidewall insulating film 55 covering the gate electrode 33 is provided. A 
metal wiring layer 56 abuts on the gate sidewall insulating film 55. This structure 
con s titutcs forms an anti-fiise in which the gate electrode 33 and the metal wiring layer 56 :5erve 
as capacitor electrodes and the gate sidewall insulating film 55 serves as a capacitor insulating 
film. The dielectric breakdown resistance, i.e., the writing voltage, of the anti-fuse can be 
controlled by ion-injecting an impurity into the gate sidewall insulating film 55 serving as the 
capacitor insulating film- 
Please amend the paragraph on page 36, beginning on line 20 as follows: 
FIG. 9C shows an anti-fiise using an insulating film interposed between metal wiring 
layers. As shown in FIG. 9C, two metal wiring layers 57 arc buried in an interlayer insulating 
film 52. An anti-fuse is constituted b y includes the metal wiring layers 57 serving as capacitor 
electrodes, and the portion of the interlayer insulating film 52 located between the two wiring 
layers 57, which ser^'es as a capacitor insulting film. The dielectric breakdown resistance, i.e., 
the writing voltage, of the anti-fiise can be controlled by ion-injecting an impurity into tlie 
portion of the interlayer insulating film 52 located between the two metal wiring layers 57. 
IN THE CLAIMS: 

Claims 1 , 2, and 5 have been deleted. Claims 3 and 4 are amended as follows: 
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3. (Amended) A semiconductor device comprising: 

capacilor structures, each having a first gate insulating film formed on a semiconductor 
substrate of a first conductivity type, and a first gate electrode formed on the fi rst gate insulating 
film: and 

electric fuse elements, each ha\nng a second gate insulating film formed on the 
semiconductor substrate and having an impurity concentration higher than that of tlie first gate 
insulating film, and a second gate electrode formed on the second gate insulating film, wherein 
information is written in the electric fuse clement depending _on whether the second gate 
insulating film is dielectricallv broken down, and a writing voltage of the electric fijse elcmeiit is 
determined by dielectric breakdown resistance of the second gate insulating film which depends 
on the impurity concentration of the second gate insulating film: and Th e s e mk^enductor dc^ncc 
according to claim 2 - 

fbrth e r compH »iftg-an impurity diffusion layer of a second conductivity type, whi± is 
formed in at least a portion of the semiconductor substrate and which abutsron - th o Gocond gate 
insulating film undor the second gat e e l e ctrod e, the impurity diffusion layer being paired with the 
second gate electrode and serving as one electrode of the electric fuse element. 

4. (Amended) A semiconductor device comprising: 

capacitor structures, each haying a first gate insulating film formed on a semicondactpr 
substrate of a first conductiyity type, and a first gate electrode formed on the first gate insulating 
film; and 

electnc fuse elements, each having a second gate insulating film formed on the 
semiconductor substrate and having an impurity concentration higher than that of the first gate 
insulating film, and a second gate electrode formed on the second gate insulating film, wherein 
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